Phosphate is conventionally determined spectrophotometrically in environmental waters as Molybdenum Blue. [1] [2] [3] Murphy and Riley's method 4 using antimony as a catalyst and ascorbic acid as a reducing agent is the most widely used method for phosphate determination.
The determination of low concentrations of phosphate in natural water samples has been achieved by enrichment of the blue color using liquid-liquid 5 or solid-liquid 6, 7 extraction. The enrichment techniques depending on the solid-liquid interaction, have proved to be more advantageous than those depending on a liquid-liquid interaction, being faster, safer and less expensive. Polyurethane foam (PUF) represents a solid sorbent 8 that is convenient for the enrichment of many organic 9, 10 and inorganic [11] [12] [13] species from aqueous media, and is commercially available for solid phase micro-extraction techniques. A direct measurement of the sorbed species in the matrix of the solid sorbent offers the advantage of avoiding the loss usually encountered during elution of the analyte from the sorbent, and simplifies the analytical procedure.
Thus, PUF has been used as an extraordinary matrix for the preconcentration of various analysts prior to a direct measurement using XRF 25, 26 neutron activation analysis 27 (NAA) and Mössbauer 28 spectroscopy. A direct absorption spectrophotometric measurement of the solid phase, such as ion-exchanger 6 and PUF, 14 has proved to be a feasible analytical technique. However, this method may suffer from attenuation caused by the matrix material and require special care in the measuring technique to attain a reliable reproducibility in the results. Recently, diffuse reflection spectroscopy (DRS) [15] [16] [17] [18] has been reported for the determination of some inorganic and organic species after sorption into a proper solid matrix. The reflectance technique avoids lightattenuation problems, and allows for simple sample manipulation. At the same time, DRS 19 is one of the most objective ways to measure color. The reflectance spectra are correlated to color by the tristimulus 20 values (X, Y and Z), derived from the color reflectance spectra using established international conventions according to CIE (Commission Internationale de l'Eclairage). Several other color systems 21 have been defined based on these tristimulus values, such as the (Y, x, y), (L*, a*, b*) and its derivatives (L*, C*, H˚), (L, a, b), and (L*, u*, v*). Recently, the determination of indium 22 after sorption into PAN or PAR immobilized on silica gel, and free active chlorine 18 after a reaction with PUF, using diffuse reflection spectroscopy, have been reported. The application of chromaticity characteristics for the determination of aluminum with Eriochrome Cyanine R immobilized into different solid supports has been described. 16 On the other hand, color temperature is a term used to represent the color of light radiated by a black body as it is heated, and is expressed in the absolute Kelvin scale. A particular color can be correlated with the same color of a black body at a particular temperature. 23 This paper considers the feasibility of using diffuse reflection spectrometry while applying different chromaticity coordinates for the determination of traces of phosphate in natural water utilizing PUF sorbent as a suitable matrix. Also, we have investigated the applicability of the correlated color temperature concept as an analytical tool.
Experimental

Reagents and materials
All of the reagents used were of analytical grade, and doubly distilled water was always used. KH2PO4, Na2HAsO4·7H2O and sodium molybdate dihydrate were obtained from Merck. Potassium antimony tartrate trihydrate, ascorbic acid and sulfuric acid (95 -97%) were obtained from BDH. Stock solutions of phosphate and arsenate (100 µg ml -1 ) were prepared by dissolving carefully weighed 0.01430 g of KH2PO4 and 0.02245 g of Na2HAsO4·7H2O, each in 100 ml water, A simple and sensitive method has been developed for the determination of phosphate in the ng ml -1 concentration range. The method utilizes the quantitative extraction of the Molybdenum Blue species of phosphate by polyurethane foam (PUF) discs prior to a diffuse reflectance spectrometric (DRS) measurement of the colored foam. A preconcentration factor of 150 has been achieved for a 100 ml sample volume. The effect of the pH of the solution on the rate of color development of the phosphomolybdenum blue has been carefully examined. A calibration graph has been established based on the Kubelka-Munk function (F(R)695), which was found to favorably correlate with the phosphate concentration. The lower detection limit (3σ) was found to be 5 ng ml -1 , with a working analytical range of 5 -70 ng ml -1 . At the same time, the chromaticity coordinates y (CIE 1931) and v′ of the CIELUV (1976) were found to show good correlation with the concentration of phosphate in water. On the other hand, the calculated color temperature has been found to excellently correlate with the phosphate concentration. The different experimental parameters were thoroughly investigated. E-mail: mnoorsci@menanet.net respectively. Working solutions were prepared freshly by proper dilution of the stock solutions. Ascorbic acid (1%) was freshly prepared.
Polyurethane foam (PUF)
The uncolored polyurethane foam, of the open-cell polyether type, was obtained locally, and cut into foam discs of 20 mm i.d. and 2 mm thickness. The foam discs were cleaned before use by soaking in 1 M HCl over night, washed with water untill free from chloride (as tested by AgNO3 solution), then washed with acetone, and air-dried under ventilating hood.
Mixed reagent
After sodium molybdate, dihydrate (2.12 g) was dissolved in 150 ml of water, 20.8 ml of conc. sulfuric acid (95 -97%) was slowly added with continuous stirring. Then, after the solution was cooled to room temperature, a solution of 0.344 g of potassium antimony tartrate in water was added and the volume was made up to 250 ml with water. The resulting solution was usable for several weeks.
Apparatus
A Jasco UV-VIS-NIR spectrophotometer (Model V-750), equipped with an integrating sphere attachment (Model ISN-470), was used for the diffuse reflection measurements. An Optronic Laboratories (Model 740A) automated system was used for diffuse reflectance measurements and colorimetric indices calculations (Optronic Laboratories, Inc. Orlando, FL). The system consists of: a Model 740A monochromator with a wavelength controller, a PC interface, a Model 740-20A high intensity source and power supply, Model 740-70 integrating sphere and a Model 730A autoranging radiometer/photometer. The system is computer controlled and equipped with 740/746-X27 diffuse reflectance/transmittance software packages, with programs to calculate different chromaticity coordinates and color temperature.
Procedure
Into a 250 ml Erlenmeyer flask, a 100 ml portion of the sample solution containing an appropriate amount of phosphate was added. Then a 2.5 ml of a mixed reagent and 1.0 ml of an ascorbic acid solution was added followed by one PUF disc. The pH of the solution was adjusted to 0.90 using sulfuric acid. The air bubbles from the foam were then removed using a glass rod, and the flasks using a mechanical shaker were shaken for 30 min. The PUF foam disc was separated by decantation, washed with water and dried between two filter papers before a diffuse reflectance spectrometric measurement.
Diffuse reflectance measurements
The dry foam discs were placed at the measuring port of the integrating sphere, being backed with a circular flat mirror of the same diameter. The reflectance spectrum was then recorded from 350 nm to 1050 nm. After the percentage reflectance at 695 nm was recorded, the Kubelka-Munk function (F(R)695) was calculated and correlated to the phosphate concentration.
Results and Discussion
Khan and Chow studied the extraction of phosphomolybdate 24 from an aqueous solution by PUF to investigate the mechanism of the sorption process of heteropolyanions with the foam. They reported quantitative extractions of the phosphoantimonylmolybdate and arsenomolybdate from an aqueous solution, and described the determination of phosphate 25 and arsenate 26 by a direct XRF measurement of their species sorbed in the foam matrix, utilizing the fluorescence lines of antimony and arsenic, respectively.
In the present work, we investigated the versatility of using PUF as a convenient solid sorbent for enriching phosphate from a dilute solution prior to its direct determination in the foam phase by diffuse reflectance spectroscopy. The correlation of the measured reflectance (R) to the analyte concentration was quantitatively obtained from the Kubelka-Munk (K-M) equation. 20 The K-M function, (F(R)) is defined as
where R is the measured diffuse reflectance value. The difference in the K-M function (∆F(R)) between that of the sample (F(R)) and the blank (F(R0)) is directly related to the concentration of the absorbing analyte species, (C) by the following equation
where ε is the molar absorbitvity of the analyte species and s is the scattering coefficient of the sample surface. The variation of the K-M function was used to quantify the amount of phosphate sorbed into the foam disc. The diffuse reflection spectra of PUF foam discs were measured in the wavelength range of 350 -1050 nm (Fig. 1) . The diffuse reflectance values of the uncolored foam were almost constant all over the visible region of the spectrum, allowing no interference from the foam matrix with the sorbed colored analyte. However, the spectra of the phosphomolybdenum blue species sorbed into PUF discs showed a maximum at 500 nm and two minima at 695 nm and 820 nm. The trough at 695 nm in the reflectance spectrum of phosphomolybdenum blue sorbed in PUF is comparable to the λmax reported using the solid-phase absorptiometric technique, as can be seen from PUF disc is simply carried out after its separation from the sample solution by decantation, drying between two filter papers, put into the measuring port and fixed with the holder. It does not need to be carefully packed into the measuring cell with special skills, unlike in the case of ion-exchange resins or gel beads. Also, it does not need to be immersed in any liquid like in the case in an absorption measurement, which facilitates the analytical method. ∆F(R)695 was found to linearly correlate with the concentration according to the Kebullka-Munk equation, as can be seen from Table 2 .
Chromaticity coordinates
The chromaticity coordinates 29, 30 are defined as the two dimensions of any color system that describes chromaticity, where the general term usually means the CIE chromaticity coordinates, x and y (CIE, 1931). There are other coordinates, like a and b (CIELAB, 1976), or u′ and v′ (CIELUV, 1976, sometimes known as the Uniform Color Scale "UCS" 1976) which were developed to express color more adequately.
The tristimulus values (X, Y, Z) of the measured disc as well as its chromaticity coordinates of CIE 1931 (x, y, z) and the CIELUV 1976 (u′, v′) are provided by the used software. The CIELAB 1976 chromaticity coordinates (L, a and b) were calculated from the tristimulus values (X, Y and Z) according to the following equations:
We investigated the applicability of various chromaticity coordinates (Table 3) to be correlated to the concentration of phosphate in solution. As is relevant from Table 2 , the 
Correlated color temperature
Color temperature is a term used to represent the color of light radiated by a black body as it is heated, and is expressed in the absolute Kelvin scale. If the spectral data from Planck's equation is converted to chromaticity coordinates and plotted on a CIE chromaticity diagram, the change in the chromaticity coordinates from 1000 K to 10000 K appears in a locus of points. Any color that falls on that locus of points can be said to represent the same color as an equivalent "Black Body" source. This represents the relationship between the color and temperature, and thus a particular color is correlated with the same color as a "Black Body" at a particular temperature. The color temperature parameter was calculated from the diffuse reflected spectra according to Robertson. 31 We investigated the extent of the validity of applying the correlated color temperature of the remitted spectra from the blue PUF discs, as shown in Table 3 to measure the phosphate concentration in solution. It was found that the correlated color temperature of the blue color sorbed into PUF agrees fairly well with the phosphate concentration in solution, as is obvious from the calibration data given in Table 2 .
The rate of color development
The rate of the formation of phosphomolybdenum blue was found to be dependent upon the [ 
The rate of development of the blue color of the phosphomolybdenum species in the foam phase was found to be faster than that of the arsenomolybdenum at room temperature.
In the case of phosphate, the maximum ∆F(R)695 was reached in the foam phase after shaking the reaction solution for 12 min., while for arsenate more than 90 min were necessary to reach its maximum value, as clearly shown in Fig. 2 . However, the formation of the arsenomolybdenum blue has been considerably accelerated if a small amount of phosphate is present in the sample solution, which agrees with previous reports. 3, 33 Figure 2 also shows that in the presence of 30 ng ml -1 of phosphate, the formation of the arsenomolybdenum blue has been significantly accelerated, and the maximum ∆F(R)695 of 30 ng ml -1 arsenate in the foam phase has been reached within 20 min, indicating its positive interference with phosphate at the pH of 1.2. The interference by arsenate may be of concern in areas affected by arsenic contamination or in cases of pollution, and must be eliminated. Generally, it can be eliminated by reducing As(V) prior to a measurement to As(III), which does not form Molybdenum Blue. Although, sodium thiosulfate has been reported to quantitatively reduce As(V) to As(III), 34 in acidic solutions it undergoes a decomposition reaction that produces colloidal sulfur. 35 
Effect of the pH on the formation of heteropoly blue
The formation of heteropoly acids is known to be dependent on the pH of the solution, with pH 1 -2 being the optimum value. 36 Linares et al. described a method for the FIA determination of arsenite, arsenate and phosphate in their binary and ternary mixtures. They found that using 3 M sulfuric acid to increase the acidity of the sample stream has completely hindered the formation of the arsenomolybic acid, rendering the reduction of As(V) unnecessary. 37 Linge et al. have also reported that controlling the acidity only can tolerate for arsenate interference during the determination of phosphate by the Molybdenum Blue-Malachite Green method. 38 We carefully studied the effect of the pH and found that arsenomolybdic acid is more sensitive to decreasing the pH than phosphomolybdic acid. Thus, decreasing the pH of the solution from 1.2 to 0.9 by adding sulfuric acid resulted in a drastic decrease in ∆F(R)695 of the arsenomolybdenum blue sorbed in the foam that had practically reached the blank value. At the same time, the F(R)695 of phosphomolybdenum blue was negligibly affected by decreasing the pH of the solution to 0.9 as is made clear in Fig.   3 . Thus, decreasing the sample solution until reaching pH of 0.9, by the addition of sulfuric acid has completely hindered the formation of the arsenomolybdenum blue allowing a measurement of only phosphate.
Interference study
Under the experimental conditions of the developed procedure, there was no interference from many ions studied, such as Fe(III), Cu(II), Mn(II), Al(III), Ti(IV), SO4 2-and NO3 -, when present in 100 fold excess, on the determination of phosphate. The main interference in the heteropoly blue method is known to be from arsenate and silicate. At the pH values used in the present work there was no interference from silicate, which is in agreement with a recent study. 32 The interference of arsenate on the determination of phosphate was investigated by the analysis of a series of phosphate solutions spiked with various amounts of arsenate; each measurement was performed in triplicate. It is clear from Table 2 that the arsenate interference was completely removed by adjusting the pH of the sample to 0.9.
Preconcentration factor
The nature of the foam has allowed for a faster separation of small pieces of foam from a large sample volume, providing high preconcentration ratios compared to those of other sorbent like, ion-exchange resin 6 or gel beads. 7 At the same time, handling the foam disc is easy, and needs no special packing into a measuring cell. The preconcentration factor is defined as the ratio of the concentration of the analyte in the aqueous medium (w/v), to that in the sorbent matrix (w/v). Using a foam disc of 2.0 cm diameter and 0.2 cm thickness for a 100 ml sample volume, a preconcentration factor of 159 has been achieved. Obviously, by increasing the sample volume, a higher preconcentration factor could be easily reached.
Calibration graphs
A calibration graph has been constructed by correlating the variation in the the Kubelka-Munk function (∆F(R)695) for the concentration of phosphate at pH 0.9 using the proposed method. As should be clear from Fig. 4 , the graph is linear in the concentration range of 0 -70 ng ml -1 . The limit of detection, calculated as the analyte concentration that leads to a signal whose intensity that is three-times the standard deviation (σ) obtained from ten measurements of the analytical blank, was found to be 8 ng ml Fig. 3 Effect of the pH of the sample solution on the development of ( ) phosphomolybdenum and ( ) arsenomolybdenum in the PUF phase. The concentration of each ion is 40 ng ml -1 .
constructed using the -∆y of CIE (1931) and -∆v′ of CIE (1976) chromaticity coordinates were found to be linear over the 0 -120 ng ml -1 concentration range. The graph using ∆v′ is found to be better, which in agreement with the development made by CIE for more precision in a color measurement. The ∆b in the Lab system was found to be the worse in sensitivity. At the same time, the correlated color temperature (CCT) was found to excellently express the phosphate concentration.
The linear regression parameters for calibration graphs based on the Kublka-Munk function ∆F(R)695, ∆y of CIE (1931) and ∆v′ of CIE (1976), ∆b in CIELab and the correlated color measurement (CCT) are summarized in Table 2 .
Analytical applications
Analyses of Nile river, tap and ground water were performed using the analytical procedure developed in the present work. The results are given in Table 4 . The phosphate concentration in the sample of the Nile river water was 43 µg L -1 . The average recovery of phosphate was 98.1%. An analysis of tap water showed that the average concentration of phosphate was 25 µg L -1 . The phosphate content in sub-surface water samples collected near a cultivated area at Ain Shams at 15 M depth was 384 µg L -1 . This may be attributed to the use of phosphate fertilizers in near by farms. In contrast, samples collected from the western desert at a depth of 300 M contained 82 µg L -1 phosphate. The results are comparable with those obtained using conventional spectrophotometry. 41 The solid-phase extraction of phosphate from natural-water samples using PUF discs prior its direct diffuse-reflectance spectrometric measurement provides a simple and accurate method for its determination. The Kubelka-Munk function (∆F(R)695) was found to correlates linearly with the phosphate concentration. However, the application of the v′ chromaticity coordinate of the CIE 1976 and y of the CIE 1931 has been found to be linear over a wider phosphate concentration range than when using ∆F(R)695; v′ is more accurate compared to y, which is in agreement with the improvement achieved in the CIE 1976 chromaticity diagram. Moreover, the correlated color temperature has been found to express very nicely the concentration of the phosphate. The method allows the selective determination of low phosphate concentrations in different types of natural water. ). Nile river water samples (100 ml) were collected near by Giza City. Tap water samples (100 ml) were collected from the main line of NRC, Dokki, Giza. Ground water samples 1 (10 ml) was collected from Ain Shams, Cairo, at 15 m depth. Ground water samples 2 (20 ml), was collected from western desert of Egypt at 300 meter depth. Each result is the mean of five determinations. 
